Summary Epidemiological evidence has implicated Chinese salted fish as a human nasopharyngeal carcinogen. In the present study, 221 Wistar-Kyoto rats aged 21 days were randomly assigned to one of three experimental groups. Rats in group 1 (high dose group) were fed a powder diet of one part Chinese salted fish to three parts certified rat chow during the first 18 months. Similarly, rats in group 2 (low dose group) were fed a powder diet of one part salted fish to five parts rat chow for 18 months. Rats in group 3 were given rat chow only throughout the 3-year experiment. Four malignant tumours of the nasal cavity were observed among rats fed the experimental diets (three and one respectively in the high and low dose groups).
Nasopharyngeal carcinoma (NPC) is a rare malignancy in most parts of the world (Waterhouse et al., 1982) . However, in the province of Guangdong in south-eastern China, it is the third most common malignancy in men, accounting for 15% of all cancer deaths among males of that province (National Cancer Control Office, 1980; Yu et al., 1981) . In the early 1970s, Ho suggested that ingestion of salted fish, a traditional food of southern China, might be a cause of the exceptionally high incidence of this disease in Guangdong (Ho, 1971) . In our recent case-control study of NPC in Hong Kong, a British colony geographically a part of central Guangdong, we demonstrated that salted fish intake during childhood (from weaning on) is the primary risk factor for NPC in that high risk population. We estimate that over 90% of all NPC cases in Hong Kong can be attributed to childhood exposure to this food (Yu et al., 1986) .
Ten years ago, Huang et al. (1978) successfully induced malignant tumours of the analogous anatomic site in experimental animals fed Chinese salted fish. Twenty inbred Wistar rats, aged 1 month, were fed steamed salted fish (the usual method of preparing this food in Guangdong) daily for 6 months and then given salted fish head soup 5 days out of a week for the remaining time span of the experiment. All animals were killed after 2 years or when moribund. The authors reported that four of the 20 treated rats developed carcinomas in the nasal or paranasal regions. No comparable tumours were observed among the six rats which served as controls and were fed rat chow only.
We have conducted a similar feeding experiment in Wistar-Kyoto rats to confirm the results of Huang's smallscale study. In addition to enlarging the sample size to 221 rats to achieve a higher expected power for the experiment, we have started the treated rats on a salted fish diet immediately after they were weaned to more closely resemble the human experience. In the study of Huang et al. (1978) , the amounts of salted fish consumed by the rats were not measured. In order that one can quantitatively relate the rate of tumour occurrence to the level of exposure to Chinese salted fish, we have given our treated rats a powder diet consisting of a fixed ratio of ground up salted fish and certified rat chow powder. Furthermore, two dose levels of salted fish diet were administered to the rats such that a dose-response relationship could be established. The dose levels of salted fish used in the experiment were determined with consideration for the toxicity of sodium in the salted fish.
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Materials and methods

Salted fish preparation in southern China
In general, either the fish is not gutted or the guts are drawn out through the throat without making an incision in the belly of the fish. Salting (using sea salt) is carried out in wooden vats, the length of time ranging from 1 to 5 days. Afterwards, the fish are taken out to dry in direct sunlight for 1-7 days, depending on the size of the fish and the weather. During drying, insect infestation is often a serious problem due to the humid weather in south China. Sometimes, the fish is allowed to soften by decomposition before salting to produce the 'soft' salted fish; the rest are called 'hard' salted fish (McCarthy & Tausz, 1952 (Boyd, 1973) . Wistar-Kyoto rats weigh between 30 and 40g at weaning (21 days), and weanling rats consume 7-10Og of food per day, rapidly increasing to 12-15 g (adult consumption) within 2-3 weeks (Charles River Technical Bulletin, 1982) . We thus calculated that a diet of one part salted fish to three parts rat chow would be subtoxic to our rats at age 21 days.
Preparation of the experimental diets All salted fish used in the experiment were purchased in streetside markets in Hong Kong. A package of salted fish was air mailed to Los Angeles each week. Immediately upon arrival, the fish were stored in a -20°C freezer. Once every 2 weeks, appropriate amounts of salted fish were thawed and steamed in a closed container for 45min. Afterwards, the fish were boned and then spread under a laminar flow hood to dry for 5-7 days. A mechanical grinder was used to grind the fish to powder form. Finally, the salted fish powder was mixed with certified rat chow powder in a mechanical mixer according to the proportions stipulated for the two treatment diets. A total of 663.2 kg of salted fish was used in the experiment. Forty-eight per cent of the salted fish were of the soft type; the rest were hard salted fish. Nine common species of salted fish in Hong Kong were represented in the lot, with 94.0% deriving from five of them (croaker 35.2%, golden thread 23.6%, mackerel 15.2%, lizard fish 12.8% and toothed croaker 7.2%).
Experimental design
We received 221 Wistar-Kyoto rats (111 males, 110 females) aged 21 days on 6 June 1984 from Charles River Laboratories (Wilmington, MA, USA). Upon arrival, the rats were randomly assigned, within each sex, to one of three experimental groups. Rats in group 1 (37 males, 37 females) were fed a powder diet of one part salted fish to three parts certified rat chow (Certified Rodent Chow 5002, Ralston Purina Company) during the first 18 months. Similarly, rats in group 2 (37 males, 37 females) were fed a powder diet of one part salted fish to five parts certified rat chow during the first 18 months. Rats in group 3 (37 males, 36 females) were given rat chow only throughout the experiment. After the first 18 months, all rats were given rat chow pellets for the remaining time span of the experiment. The rats were housed in separate cages and weighed once a week during the first 78 weeks of the experiment. Thereafter, they were weighed once a month until age 3 years. All moribund rats or those that were alive at age 3 years (15 May 1987) were killed. A necropsy was performed on each rat by an experienced technician (J.E.) under the supervision of a pathologist (P.W.N.) and adhering to a standard protocol. Briefly, the rat was examined for external lesions and then laid on its back and pinned down. A midline incision was made from the mandibular symphysis to the anus. The skin was reflected so that mammary gland tissue, superficial lymph nodes and other subcutaneous structures could be examined. The abdomen and thorax were opened. Each organ system and regional lymph nodes were examined for abnormalities. All gross pathologic observations were recorded and all tumours were photographed. We excised and fixed in 10% buffered formalin tissues from all grossly visible tumours and gross lesions suspected of being tumours. Selected tumours were also fixed in gluteraldehyde. We routinely excised and fixed tissues from the lung, kidney, liver and stomach of each rat. The head of each rat was also routinely removed, fixed, decalcified and sagittal sections taken at different levels of the nasal and paranasal cavity. All sections were stained with Haematoxylin and Eosin for microscopic examination. Classification of tumours was according to Turusov (1973 Turusov ( , 1976 and Jones et al. (1987) .
Statistical methods
The life table method (Gart et al., 1986 ) was employed to examine any difference in the overall survival or occurrence of specific tumours between the three experimental groups. The binomial test was used to compare the rate of nasal cavity cancer among rats treated with Chinese salted fish against the historical control incidence of this tumour in rats.
Results and discussion
The overall age at death was not statistically different between rats in the three experimental groups (P=0.28). The respective median ages were: group 1 males, 130 weeks; group 1 females, 123 weeks; group 2 males, 131 weeks; group 2 females, 121 weeks; group 3 males, 129 weeks; and group 3 females, 127 weeks. At the start of the experiment, rats in the three experimental groups had similar body weights. Six months later, however, male rats in the high dose group started to show significantly lower weights relative to male rats in the control group, while male rats in the low dose group had intermediate weights. The same pattern was not evident among female rats until another 6 months later (i.e. I year after the start of the experiment). We terminated the experimental diets after 18 months, and almost immediately after that the treated rats began to gain weight such that at the second monthly weighing post-termination of the salted fish diets, no difference in weights was apparent between the three experimental groups. This pattern persisted until the end of the experiment. There were four malignant nasal cavity tumours among rats fed the experimental diets (Table I ). The first tumour (an undifferentiated carcinoma, Figure 1 ) was observed during week 44 of the experiment in a male rat belonging to the high dose group. The tumour largely replaced the mid and left lateral portions of the nasal cavity. It was composed of monomorphous sheets of primitive cells with high nuclear cytoplasmic ratios and a high mitotic rate. The second tumour (a moderately differentiated squamous cell carcinoma, Figure 2 ) was observed in a female rat, also belonging to the high dose group, during week 97 of the experiment. This tumour involved the left lateral nasal cavity midway between the eye and nares; it destroyed surrounding bony structures and extended into overlying soft tissues. Microscopic sections showed nests and cords of cells forming keratin pearls within a desmoplastic stroma. The third tumour (a spindle cell carcinoma, Figure 3) cytoplasm. Immunohistochemical stains showed the cells to have both keratin and vimentin in their cytoplasm. Electron microscopic studies revealed tight junctions, which supports the diagnosis. The fourth tumour (a spindle cell tumour not otherwise specified, Figure 4) (Sher, 1982; Kroes et al., 1981; Burek, 1978) ), and the difference was statistically significant (one-sided P= 0.02).
We observed no significant differences in the occurrence of any other tumours among the three experimental groups (Table II nitrosamines, including N-nitrosodimethylamine, N-nitrosodiethylamine, N-nitrosodi-n-propylamine, N-nitrosodi-nbutylamine and N-nitrosomorpholine, have been detected in samples of Chinese salted fish (Huang et al., 1981; Tannenbaum et al., 1985) . Most of these volatile nitrosamines can induce nasal and paranasal cavity tumours in animals (Hass et al., 1973; Pour et al., 1973; Althoff et al., 1974; Lijinsky & Taylor, 1978 In summary, epidemiological studies (Yu et al., 1986 (Yu et al., , 1988 (Yu et al., , 1989 have shown a strong positive association between intake of Chinese salted fish early in life and subsequent development of NPC. In the present experiment, we observe a dose-dependent occurrence of malignant tumours of the nasal cavity among rats fed the same cooked food post-weaning, and in an amount resembling the level of potential human exposure at the corresponding young age. Our results, therefore, further strengthen the hypothesis that Chinese salted fish is a human nasopharyngeal carcinogen; they also establish Wistar rats as a viable animal model for carcinogenicity studies of this food in the laboratory.
